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iABSTRACT
THE DISTRIBUTIONAL PROPERTIES AND  WEAK EFFICIENCY
IN İSTANBUL STOCK EXCHANGE: A SECTORAL ANALYSIS
Hatice ÖZER
M.A. in Economics
Supervisor: Associate Prof. Dr. Fatma Taşkın
October 2001, 75 pages
The purpose of this study is to present some empirics of the Turkish stock market
which is a fast growing emerging market. Statistical properties of  daily, weekly and
monthly returns on sector price indexes on the Istanbul Securities Exchange (ISE)
are employed to investigate the distributional properties and efficiency of returns.
Empirical evidence indicates that returns of Turkish stocks are found to be heavily
leptokurtic and non-normal in all frequencies. Also daily and weekly stock returns
exhibit a strong ARCH (Auto Regressive Conditional Heteroscedaticity) effect. The
BDS test fails to reject the null hypothesis that ISE stocks are  independently and
identically distributed in all frequencies. Finally the weak form efficiency is rejected
for stock price index changes at all frequencies using both autocorrelation and
randomness tests.
Keywords: Normality, Heteroscedasticity, iid (independently and identically
distributed), stock returns, stock market efficiency
ii
ÖZET
İSTANBUL  MENKUL KIYMETLER BORSASININ
İSTATİKİ DAĞILIMSAL ÖZELLİKLERİ VE ZAYIF FORMDA ETKİNLİĞİ :
SEKTÖREL BİR ANALİZ
Hatice ÖZER
Yüksek Lisans, Ekonomi Bölümü
Tez Yöneticisi: Doç. Dr. Fatma Taşkın
Ekim 2001,75 sayfa
Bu çalışmanın amacı, hızlı büyüyen ve gelişmekte olan, Türk sermaye
piyasasının bazı sayısal göstergelerini sunmaktır. İstanbul Menkul Kiymetler
Borsası’ndaki (İMKB) günlük, haftalık ve aylık sektör fiyat endeksindeki
değişiklikler, söz konusu değişkenlerin istatistiksel özelliklerini kontrol etmekde
kullanılmıştır. Türk hisse senetleri  leptokurtic ve non-normaldir. Ayrıca günlük ve
haftalık hisse senedi getirilerinde ARCH etkisi kuvvetlidir. IMKB hisse senetlerinin
benzer ve bağımsız dağılım gösterdiklerine dair  BDS testlerine göre amprik kanıtlar
bulunmaktadır. Hisse senedi fiyat endeks değişikliklerinin  zayıf formda etkinliği ise
otokorelasyon ve tesadüfilik testleri kullanıldığında bütün sıklıklar için
reddedilmektedir.
Anahtar Kelimeler: Normallik, Değişen Varyans, benzer ve bağımsız dağılım, hisse
senedi getirisi, sermaye piyasası etkinliği
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11.INTRODUCTION
The early phase of the 1980’s saw a marked improvement in the Turkish
economy by the establishment of the Istanbul Stock Exchange (ISE) in January 1986.
The ISE, is the only securities exchange in Turkey, is a dynamic and growing
emerging market with an increasing number of publicly traded companies and
strong  foreign participation. ISE  has started its operations in January 1986. Table 1
gives the details of the  fast growing of ISE. The number of companies traded on the
ISE  markets  increased  from  80 in  1986  to  315  in  2000. Total  market  values  of
Table 1 – Istanbul Securities  Exchange(ISE): Descriptive Data (*)
Year total market values (a) total market values (b) number of companies (c)(d)
1986 709 938 80
1987 3182 3125 82
1988 2048 1128 79
1989 15553 6756 76
1990 55238 18737 110
1991 78907 15564 134
1992 84809 9922 145
1993 546316 37824 160
1994 836118 21785 176
1995 1264998 20782 205
1996 3275038 30797 228
1997 12654308 61879 258
1998 10611820 33975 277
1999 61137073 114271 285
2000 46692373 69507 315
Source: ISE
(*) the values are all for the end of the year. (a) total market values (TMV)of the companies traded on
the ISE in TL Billion. (b) TMV of the companies traded on the ISE in US $ Million. (c) number of
companies traded on the ISE markets. (d) figures between 1986-1989 show the number of traded
companies while figures as from 1990 reflect the number of companies within the stock market.
2companies was US $ 938 million at the end of 1986 and it increased to US $ 69507
million by the end of 2000. However ISE has not been investigated in a
comprehensive way. There are limited number of research on the distributional and
statistical properties  of stock returns in this new and emerging market.
The form of the distribution of stock returns and its statistical properties are
important because they give descriptive information concerning the nature of the
process generating returns. Specification of the distribution of returns is also
important from an investor point of view. Since, the shape of the distribution is a
major factor in determining the riskiness of investment in stocks.
The normal curve, which is one theoretical distribution,  is in many respects
the cornerstone of modern statistical theory. Several mathematicians were
instrumental in its development, including the eighteenth-century mathematician-
astronomer Karl Gauss1. There are two basic reasons why the normal distribution
occupies such a prominent place in statistics. In the first place, many phenomena
seem to follow a pattern of variation such that their respective populations may be
described by a given functional form which is normal distribution. The  second
reason is that it is often encountered when reaching conclusions and making
decisions based upon the probability approach and upon statistical considerations.
For example, in the field of finance the Capital Asset Pricing Model (CAPM) uses
variances and covariances of asset returns as measures of risk. The validity of these
measures holds only if stock returns are normally distributed (Ayadi, Blenman and
Obi (1998)).
                                                
1 In honor of his, normal curve are also referred to as Gaussian distribution.
3 In sum, the distributional properties of returns is helpful information to
anyone who wishes to conduct empirical  study in this area such as modelling the
stock returns. There are many statistical properties which must be checked before
statistical modelling and tests of financial theories. A researcher would like to know
whether the stock returns are normally distributed, whether data satisfies independent
and identical distribution  hypothesis, whether there is heteroscedasticity.
Furthermore the efficiency  condition of the stock market returns is another property
that is closely linked to the distributional properties. It is important for the
forecastability of prices in a market. Earlier works in Turkish stock market presents
the evidence for the inefficiency of the market (Muradoğlu and Metin (1995),
Muradoğlu and Ünal (1994), Alparslan (1989)). Up to now a sectoral analysis of ISE
for the efficiency has not been done. Therefore an efficiency study for the sectors in
ISE also is very necessary for domestic and international investors.
In this thesis; the price indexes of  sectors which are classified by
Data Stream, a global financial data source, will be used. The stocks are grouped into
four main sector indexes which are Financials Stock Price Index, Non-Financial
Stock Price Index, Resources Stock Price Index and Non-Financials Excluding
Resources Stock Price Index. The statistical properties of the daily, weekly and
monthly returns of each sectors will be examined. Comparison of statistical
properties across sectors and across different frequencies will be made.
Also the weak form efficiency tests (for the efficiency condition) of stock
returns of sectors  will be conducted. Once we analysed the statistical properties of
stock returns, we can also check for the weak form efficiency which requires the
statistical properties of randomness and independency to learn more about the
4behaviour of ISE stock returns. If the markets are efficient, that markets in general
function well, that prices  reflect expectations and that as a consequence, consistent
abnormal returns can not  be expected. Moreover if the weak form of market
efficiency were to hold then this would suggest that chartists and technical analysts
that make their living by analysing historical price data and using this to forecast
future security prices will produce forecasts that  on the average have no profitable
use.
The rest of this thesis is organised as follows: section 2 presents a summary
of related literature. The data and methodology are given in section 3. Section 4
summarizes  and reports the results of tests employed. Finally the last section will
discuss the conclusions.
52. LITERATURE REVIEW
Several papers analyzed  the statistical and distributional properties of stock
prices since 19002. Mandelbrot (1963) is mainly responsible for the examination of
the distribution of daily stock returns in New York in the context of non-normal
stable distributions. Fama (1965)  makes the first detailed  study of stock returns in
the context of stable distributions. His paper consists of daily prices for each of the
thirty stocks of the Dow-Jones Industrial Average. He finds that the distribution of
daily returns belongs to a non-normal member of the stable class of distributions.
Moreover both Fama (1965) and Mandelbrot (1963)  find that the return
distributions exhibit extreme leptokurtosis and skewness.
 Teichmoeller (1971) also  examines the distribution of daily returns of 30
stocks listed on the New York Stock Exchange and sums up to 10 days. He
concludes that daily stock returns do not appear to be distributed as a simple mixture
of normal distributions. Officer (1972) uses monthly returns of 39 stocks from CRSP
tape. Officer (1972) presents evidence about the distribution of stock returns and they
conclude that a scaled t-distribution provides a far better fit to the data than the stable
Paretian, compound process and normal distributions.
Following these studies, some researchers accept the hypothesis that returns
are independently and identically distributed (iid) and try to fit a distribution to stock
returns. However Akgiray (1989) presents an evidence that time series of daily stock
                                                
2 See Bachelier, L.1900. “Theory of Speculation”, Translated and reprinted in Cootner (1964).
6returns which are obtained from the Center for Research in Security Prices (CRSP)
tapes,  exhibit levels of dependence. Hsieh (1991)  uses weekly stock returns from
CRSP at the University of Chicago and he also finds that stock returns are not
independently and identically distributed (iid). Hsieh (1991) thinks that the cause for
this deviation is neither chaotic dynamics nor regime changes. Rather, the reason is
conditional heteroskedasticity.
The weak form efficiency can be checked with some statistical tests or some
tests of trading rules. These widely accepted statistical tests for weak form efficiency
are randomness3 and independency. For the weak efficiency to be hold the prices
must be random and independent (It means that the prices has no serial correlation).
Starting with Bachelier (1900) various researchers have investigated whether the
stock prices follow a random walk process and whether they have a serial
correlation. The literature for the efficieny is extensive and beyond the scope of this
study. However, it is possible to state that the first study which analyze the issue is
Bachelier (1900) where he formulates the random walk hypothesis. Using the
assumption that stock prices should have independent increments, he derived a
mathematical theory of prices and he tested it in the French Bond Market. He
concludes that returns follow the random walk.
Cootner (1962) uses 45 stocks all drawn from the New York Stock Exchange.
This weekly  returns  indicate  dependency  which is small in magnitude. Fama
(1970) analyzes the daily returns of 30 common stocks in the Dow Jones Industrial
Average in terms of both correlation coefficients and run tests. He finds a very small
positive serial correlation.
                                                
3 Randmness has two axioms: (1) returns come from some common probability distribution  (2) each
return is independent from the past return
7Solnik (1973) tests whether European stock prices follow a random walk by
taking a sample of  234  securities from eight major European stock markets. The
European stock price behaviour has more apparent deviations from the random walk
comparing to the American price behaviour.
Rosenberg and Rudd (1982) using the monthly data for common stocks4
observe the lack of serial correlation in the total returns of securities. In general total
excess return is decomposed into factor-related return and specific return. The study
tests for serial correlation with respect to each components and finds positive serial
correlation in the factor-related component and negative serial correlation in the
specific component, resulting in zero correlation in total excess returns. These results
reject the weak form of the efficient market hypthesis.
 Lo and Mackinlay (1988) rejects the random walk hypothesis by using a
volatility-based specification test  for weekly stock  market returns which are
obtained from CRSP daily returns indexes.
Brown and Easton (1988) reports the results of weak-form efficiency tests of
the London Stock Exchange market for 3 per cent consols from 1821 to 1860 using
daily closing prices. They conclude that “The results of this study indicate that this
market exhibited a degree of weak-form efficiency which is at least comparable to
that found in similar tests conducted using data from contemporary markets”.
 Huang (1995) tests the  random walk hypothesis of the Asian stock markets
using weekly stock returns from Morgan Stanley Stock Index Database. He states
that “Of the developed and emerging markets, it is found that the random walk
hypothesis for the markets of Korea and Malaysia is rejected for all different holding
                                                
4 Which are taken from Compustat files and  the interactive Data Corporation Analystics data base.
8periods. In addition, the random walk hypothesis is also rejected for the Hong Kong,
Singapore and Thailand markets using the heteroscedasticity-consistent variance
ratio estimator.”
The researches which are mentioned up to now are for the developed
markets5. Now we will review the literature for the emerging markets to be able to
see the difference between them.
There are a lot of studies looking for the normality of stock returns. Firstly
Praetz (1972) studies 17 share-price index series which are weekly observations
from the Sydney Stock Exchange. He concludes the same result with Officer (1972)
that the distribution of stock returns is not normal. Laopodis (1996) researched the
distributional properties and weekly patterns of the Athens stock exchange which is
an emerging capital market. And he concludes that weekly stock returns fail to be
independent and identically distributed and show departures from normality.
İmrohoroğlu and Santis (1997) study the weekly stock returns of emerging
markets. And they find that the data have considerably higher kurtosis in the
emerging markets as comparing to  the developed markets.
For daily stock return of Nigerian stock market which is an emerging market,
Ayadi, Blenman and Obi (1998) present that stock returns are highly skewed and
departed from normality. They also find ARCH (Auto regressive Conditional
Heteroscedasticity) effect in the stock returns using the Lagrange Multiplier test.
More recent study by Bekaert, Erb, Harvey and Viskonto (1998) shows that the
distributions of monthly returns of emerging markets  are not normal and that the
                                                
5 The study by Huang (1995) contains both developed and emerging markets.
9distribution changes through time. And they showed that there is significant
skewness and excess kurtosis in these returns.
For the efficiency, Mobarek and Keasey (2000) find that the daily return
series of all the listed securities on the Dhaka Stock Exchange (DSE) do not follow
random walk model and the significant autocorrelation coefficient at different lags
reject the weak-form efficiency. Also the results are consistent in different sub-
sample observations, without outlier and for the individual securities.
The studies on Turkish markets as follows: Yuce (1997) investigates the
Istanbul Stock Exchange daily returns between January, 1988 and July, 1992 . She
finds Turkish stocks are non-normal and heavily leptokurtic and not iid. The
distributions of those  stocks are similar to that of developed market stocks.
Alparslan (1989) uses two groups of weak form tests which are statistical
tests of independence (autocorrelation and runs tests) and tests of trading rules (filter
rules). The Istanbul Stock Exchange first common stock market’s adjusted weekly
price data is used. He finds that the runs and autocorrelation tests can not refute the
weak form efficiency fully. However, the filter tests indicate that an individual can
have beaten the market for some of the stocks. So these results support the view
which are against the efficiency of ISE.
Unal (1992) has also searched for weak form efficiency of ISE. The data he
used composed of daily adjusted closing prices of twenty major stocks. He finds that
ISE is not weak form efficient using the similar techniques that Alparslan (1989)
applied.
Balaban (1995) presents some empirics of the Turkish Stock Market. He
applies both parametric and non-parametric tests to daily, weekly and monthly
10
returns. Those tests reject the random walk hypothesis for daily and weekly returns.
Hovewer, monthly index returns follow random walk.
In summary; main conclusion for the distributional properties are : For the
developed markets, it is observed that  the stock returns are non-normal (exhibiting
extreme leptokurtosis and skewness), not iid, and not weak form efficient. For the
emerging markets, the results are very similar to that of developed ones. The stock
returns of emerging markets are not normal, highly skewed but showing higher
kurtosis as comparing to developed markets. Moreover they are not iid and not weak
form efficient either. As for Turkish stocks, they are non-normal, leptokurtic, not iid
and not weak form efficient similar to developed  markets.
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3. DATA
The data on the Turkish individual stocks are available in Data Stream since
1988, although the Istanbul Stock Exchange was established and began its operations
on January 2, 1986. The data used in this paper contain the daily, weekly and
monthly price indexes of sectors which are classified by Data Stream. The period of
the data is from  January 4, 1988 to June 1, 2001.
Data Stream classifies each company by industry (that is, its primary activity
only). Equities with the same industrial classification are grouped into sectors. Data
Stream industrial classifications exist at six levels. The level 2 classification will be
used in this study6. Level 2 consists of four main sectors which are Financials Price
Index, Resources Price Index, Non-Financials Excluding  Resources Price Index and
Non-Financial Price Index. The details of the industries included in to the level 2
classification is as follows.
Financials includes Banks, Insurance, Life Assurance, Investment
Companies, Real Estate, Speciality and other Finance. Resources includes Mining,
Oil and Gas companies. Non-Financials Excluding  Resources includes companies
operating in Basic Industries (chemicals, construction and building materials,
forestry and paper, steel and other metals), General Industries (aerospace and
defence, diversified industrials, electronic and electrical equipment, engineering and
machinery), Cyclical Consumer Goods (automobiles and parts, household goods and
textiles), Non-Cyclical Consumer Goods (beverages, food producers and processors,
12
health, packaging, personal care and household products, pharmaceuticals, tobacco),
Cyclical Services (distributors, general retailers, leisure, entertainment and hotels,
media and photography, support services, transport), Non-Cyclical Services (food
and drug retailers, telecommunication services), Utilities (electricity, gas distribution,
water), Information Technology ( information technology hardware, software and
computer services). Non-Financials includes companies operating in Basic
Industries, General Industries, Cyclical Consumer Goods, Non-Cyclical Consumer
Goods, Cyclical Services, Non-Cyclical Services, Utilities, Information Technology
and Resources.
Table 2 provides the details of data periods used for each frequency and
sector in this paper.
Table 2 – Data Periods
Price Index Daily Weekly Monthly
Financials (F) 04.01.1988-01.06.2001 08.01.1988-01.06.2001 01.02.1988-01.06.2001
Resources (R) 30.05.1991-01.06.2001 31.05.1991-01.06.2001 01.06.1991-01.06.2001
Non-Financials
Excluding  Resources
(NFX)
04.01.1988-01.06.2001 08.01.1988-01.06.2001 01.02.1988-01.06.2001
Non-Financials (NF) 04.01.1988-01.06.2001 08.01.1988-01.06.2001 01.02.1988-01.06.2001
The returns of these sectors are calculated as the first differences of logarithm
of these price indexes.
Rt = log Pt - log Pt-1
where Rt  is the return at time t and Pt is the price index of the sector at time t.
                                                                                                                                         
6 The definitions  are all from Data Stream user guide.
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4. METHODOLOGY
The paper aims of  a comprehensive analysis of the distributional and time-
series properties of stock returns. This section presents a detailed descriptions of the
tests that will be used to establish distributional and time series properties of the
stock returns. These tests mainly are the tests for distribution, heteroscedasticity, iid
(independently and identically distributed) hypothesis and  efficiency. The paper also
investigates the question of efficiency and alternative definitions of efficiency are
illustrated in this section.
4.1. Tests For Distribution
The normal distribution has a prominent place in statistics. In this subsection
the Jarque-Bera statisticwhich is one of the normality tests is described.
4.1.1. Test of Normality
Jarque-Bera statistic (JB) tests whether a series is normally distributed. The
statistic is given by
JB = ( ) 

 −+−
4
3
6
2
2 KSkT
where T is the number of observations,  k is zero for an ordinary series7.
S is a measure of skewness, defined as :
S = 
( )
3
1
31
σ
∑
=
−
T
t
t yyT
                                                
7 k is the number of regressors when examining residuals to an equation in a regression equation.
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Skewness measures the amount of asymmetry in a distribution. If the skewness
equals zero, the distribution is symmetric; the larger the absolute size of the
skewness statistic, the more asymmetric is the distribution. A large positive value
indicates a long  right tail, and a large negative value indicates a long left tail. The
skewness of a normal distribution which is a symmetrical distribution is zero.
K is a measure of kurtosis, defined as:
K = 
( )
4
1
41
σ
∑
=
−
T
t
t yyT
The kurtosis of a random variable is a measure of the thickness of the tails of its
distribution relative to those of a normal distribution. A normal random variable has
a kurtosis of 3; a kurtosis above 3 indicates “fat tails” or leptokurtosis; that is, the
distribution has more probability mass in the tails than the normal distribution.
Under the null hypothesis of normality, the Jarque-Bera statistic is distributed
χ2 , with 2 degrees of freedom. If JB> χ2(2) then we reject the null hypothesis of
normality.
4.2. Tests of Heteroscedasticity
The condition of homoscedasticity refers to a constant variance. This property
is one of the critical assumptions of the classical linear regression model. If this
assumption is not satisfied, we have heteroscedasticity.
 In this paper , eventhough our aim is to analyze the homoscedasticity
condition in one series; ie. stock returns rather than a residual, we will use some of
the test developed for a simple regression model. These heteroscedasticity tests are
Bresuch-Pagan test, Harvey’s test and ARCH  test. These tests are described below.
15
4.2.1. Breusch-Pagan Test
Breusch-Pagan test8 is developed to examine whether or not the disturbance
variance vary with a set of regressors in a regression equation. If we assume our
dependent variable, yt , is stock returns, to perform Breusch-Pagan test, first regress
yt on  a constant using least squares and obtain the least square residuals, 
^
2
tε . After
computing  
^
2σ = Tt /
^
2∑ε ,  regress9   ^
2
^
2
σ
ε t  on  yt-1, and obtain the regression sum of
squares (RSS).  The Lagrange Multiplier test statistic is  LM= 
2
RSS .  The null and
the alternative hypothesis are:
H0 : α1=0  (The errors are homoscedastic)
Ha: σ2t = Var (εt) = f (α0+α1yt-1)
If LM > χ2(1)  , we  reject the null hypothesis of no heteroscedasticity.
4.2.2. Harvey’s Test
Harvey’s test statistic10 is very similar to the Bresuch-Pagan test. The only
difference is that in this test the variance is hypothezed  to change according to
exp(α0+α1yt-1).
H0 : α1=0
Ha: σ2t = Var (εt)=  exp (α0+α1yt-1)
                                                
8 See Ramanathan, R. 1992. Introductory Econometrics with Applications. San Diego: Horcourt Brace
Jovanovich Pub. pp.454
9 Here it is hypothezed that the error variance  σ2t  =Var (εt)  is related with yt-1 . See also Yüce (1997).
10 See Yüce (1997).
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To perform Harvey’s test,  first regress yt on constant using least squares and
obtain the least square residuals, 
^
2
tε . After computing   
^
2σ = Tt /
^
2∑ε  , regress the
logarithm of [ ^
2
^
2
σ
ε t   ] on  yt-1 , and obtain the regression sum of squares (RSS).
The Lagrange Multiplier test statistic is  LM= 
2
RSS .
If LM > χ2(1)  , we  reject the null hypothesis of no heteroscedasticity.
4.2.3. ARCH Test
Arch LM procedure tests for autoregressive conditional heteroscedasticity. In
this test the variance is hypothezed  to change according to (α0+α1ε2t-1). The first
order ARCH effect is modelled as:
yt= X’t β + εt .
ε2t=  α0+α1ε2t-1  is  the conditional variance.
The null and the alternative hypothesis of the test are:
H0 : α1=0 {that is no ARCH}.
Ha: σ2t = Var (εt)= α0+α1ε2t-1
The Lagrange multiplier test statistic, LM= TR2, has an asymptotic χ2
distribution with degrees of freedom equal to the number of lagged, squared
residuals. T is the number of observations. R2 is the coefficient of determination of
the second regression equation. That is if  LM>χ2(1)  , we  reject the null hypothesis
of no ARCH.
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4.3. Test for IID (Independent and Identically distribution) Hypothesis
To investigate the independent and identical distribution hypothesis, there are
three  tests in the literature such as Long Term Memory Test (Lo (1991)), Third
Order Moment Test (Hsieh (1991)) and BDS Test (Brock, Dechert & Scheinkman
(1987) which is reexplained in the paper of Hsieh (1991)). In this study  the BDS
statistic will be applied.
4.3.1. BDS Statistic
The BDS statistic tests11 whether a financial series is independently and
identically distributed. If {yt : t=1,…,T} is an independently and identically
distributed time series of length T and N is the imbedding dimension then N history
is denoted as follows:
ynt  =(yt-n+1,……………., yt )
and the correlation integral is
where  || . || is sup- or max- norm. The distance measure employed herein is the sup-
norm. In words, the correlation integral, )(εCn , is defined as the fraction of pairs,


 yy nt
n
s
, , which are “close” to each other in the sense that:
{ } ε<− −−−= itisni yymax 1,.....,0
                                                
11 See Hsieh (1991).
( ) 2/:,0,,#)( TTststLimt yyC nsntTn  <−<<= ∞→ ε
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if yt is a random sample of iid observations, then nn CC )()( 1 εε = . After estimating
the usual sample versions )(,1 εTC and )(, εTnC , the BDS statistic;
[ ] )()()()( ,,1,, εδεεε TnnTTnTn CCTW −=
has a limiting standard normal distribution. )(, εδ Tn is an estimate of the asymptotic
standard error of [ nTTn CC )()( ,1, εε − ]. Generally the value of ε is chosen between
0.5σ ≤ ε ≤ 1.5σ. It is used ε⁄σ ratio of 1 and N dimension as 5. If the null hypothesis,
the financial series is iid, is rejected it shows that there is either structural change in
the data or series is generated by nonlinear stochastic systems or by low complexity
chaotic behavior.
4.4. Efficient Market Hypothesis12
A related issue to the distributional properties is the question of efficiency in
stock returns. The questions of efficiency in the financial markets extensively
researched and analyzed in the finance literature. There have been studies of the
efficiency of bond markets, the foreign exchange market, the stock markets and more
recently of derivative markets such as the options and futures market. In this study
                                                
12 For definitions, see  * Pilbeam, Keith. 1998. Finance and Financial Markets. Basingstake:
Macmillan Business. pp.196-199.
* Ross, Stephen A.; Westerfield, Randolph W.; Jaffe, Jeffrey. 1996. Corporate Finance. Chicago:
Irwin. pp.347-354.
* Schlosser, M. 1989. Corporate Finance: A model-building Approach. Englewood Cliffs, N.J.:
Pretice Hall. pp.280-281.
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after checking the statistical properties, the efficiency of  İstanbul stock market
which requires some of these statistical properties to be hold   will  also be examined.
An efficient stock market is one in which stock prices fully reflect available
information. The hypothesis that security prices instantly and fully reflect all
available information is commonly referred to as the Efficient Market Hypothesis
(EMH).
 If  the Efficient Market Hypothesis were to hold then it would not be
possible on an ex ante basis for an investor to expect to make consistent excess
profits. Fama (1970) provided a base for testing market efficiency by distinguishing
between three types of efficiency: weak-form efficiency, semi-strong-form
efficiency and strong-form efficiency.
A market is said to be weak-form efficient if the current prices of securities
instantly and fully reflect all information of the past history of security prices. In
other words, it should not be possible to make consistent excess returns on securities
by looking at the past history of their price movements and using this as a basis for
future trading.
A market is said to be semi-strong-form efficient if the current prices of the
securities instantly and fully reflect all publicly available information. In other
words, it should not be possible to make consistent excess returns on securities by
using publicly available information as a basis for future trading. The publicly
available information set includes not only the past history of security prices, but also
all publicly available relevant information such as earnings, details in company
reports, announcements made by the firm, information about the state of the
economy and the like.
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A market is said to be strong-form efficient if the current prices of the
securities instantly and fully reflect all  information, both public and private. That is;
even traders, directors or analysts with access to privileged inside information should
not be able to make consistent excess returns on securities by using inside
information as a basis for future trading.
These three levels are not independent of one another. For the market to be
semi-strong efficient, it must also be weak-form efficient. Also for the market to be
strong-form efficient, it must also be efficient at the both semi-strong form and
weak-form, otherwise the price would not capture all relevant information.
4.4.1.Weak Efficiency Tests
In this paper only  the test for weak-form efficiency will be examined.
Because  if the evidence fails to pass the weak form test, there remains no reason to
examine the stronger forms before declaring the market inefficient on the evidence.
Independence and randomness will be tested by examining the weak-form of
Efficient Market Hypothesis.
4.4.1.1. Autocorrelation Test
For  the weak-form efficiency to hold, the correlation of returns over time
should come out to be insignificant. Ljung-Box independence test will be applied to
the sector returns. The Ljung- Box Q statistic is given by
QLB = ∑
= 





−+
p
j
j
jT
r
TT
1
2
)2(
where rj is the j-th autocorrelation and T is the number of observations.  Q can be
used to test the hypothesis that all of the autocorrelations are zero. Q is distributed as
χ2 , with degrees of freedom equal to the number of autocorrelations, p.
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  4.4.1.2. Test For Randomness: Runs Analysis
  A run test13 examines the tendencies for losses or gains to be followed by
further losses or gains, regardless of their size. This test is performed by examining a
time series of returns for a security and testing whether the number of consecutive
price gains or drops shows a pattern.
A price gain is represented by a “ +”,  a price drop is represented by a “-” and
“0” shows that return is zero. A run is defined as a return sequence of the same sign.
One possible series might be:
        + + + - - - - 0 0 + + - -
 The total expected number of runs of all signs is Rexp :
     Rexp = N
nNN
i
i∑
=
−+
3
1
2)1(
where, N is the total number of stock returns, ni is the number of returns of each sign,
with i=1, 2, 3
 The variance of Rexp is
 δ2 (Rexp ) = 
)1(
2)1(
2
3
1
33
3
1
3
1
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13 See Ünal (1992).
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 The sampling distribution of Rexp is approximately normal for large N.
The standardized  Z is defined as :
 Z = 
)(
)5.0(
exp
exp
R
RR
δ
−+
where, R is the real number of runs. The null hypothesis is that stock returns depict a
random walk through time. If the absolute value of Z is greater than Z(α/2) (such as
Z(α/2) = 2.576 for  α=0.01)  then the null hypothesis that stock returns follow random
walk is rejected at the significance level of  α.
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5. FINDINGS
This section presents the findings of a comprehensive analysis of the
distributional and time-series properties of stock returns. Taking the returns  of each
sector, tests for distribution, heteroscedasticity, iid hypotheses and weak efficiency
will be applied in the given order.
5.1. Test of Normality14
The descriptive statistics of daily returns on sector indexes are presented in
Table 3. The third order moment, skewness, is a measure of asymmetry and it should
be zero for a normal distribution. The skewness is very close to zero at all sectors.
Except Resources (R), the other three sectors have negative skewness that is they
have left tail.
Table 3 – Descriptive Statistics of Daily Returns on Sector Indexes
F NF NFX R
Mean 0.002216 0.002159 0.002109 0.002714
 Median 0.000000 0.000000 0.000000 -4.00E-07
 Maximum 0.173804 0.170957 0.168729 0.185237
 Minimum -0.301123 -0.186750 -0.188584 -0.180217
 Std. Dev. 0.034083 0.030582 0.030136 0.045691
 Skewness -0.234150 -0.028064 -0.068607 0.165837
 Kurtosis 8.020976 5.904079 6.126454 3.848666
Jarque-Bera 3707.410** 1230.019** 1427.817** 90.32334**
 Probability 0.000000 0.000000 0.000000 0.000000
Observations 3499 3499 3499 2611
‘*’   : Normality is rejected at 5% significance level.
‘**’ : Normality is rejected at 1% significance level.
F (Financials); NF (Non-Financials); NFX (Non-Financials Excluding Resources); R (Resources)
                                                
14 The plots , the histograms and descriptive statistics of all return series for different frequencies and
for different sectors are reported in Appendix A.
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The  fourth  moment, kurtosis, is  a measure of the thickness of the tails of the
distribution. It should be 3 for a normal distribution. Since the kurtosis of all sectors
exceed 3, they have fat tails (leptokurtic distributions ).
The Jarque-Bera test stands for the rejecting or accepting the normality of the
series. If  JB>χ2(2;0.05)=5.991 we reject the null hypothesis of normality at α=0.05. If
JB>χ2(2;0.01)=9.210 we reject the null at α=0.01. When we examine Table 3, the
normality is rejected for all sectors at the significance level of α=0.01. As it is
mentioned above, for a standard normal distribution, the numbers would be zero for
skewness, three for  kurtosis, zero for mean and one for standard deviation. All these
indicators and Jarque-Bera  statistics show that these daily returns of all sectors are
not normally distributed.
In Table 4, the descriptive statistics of weekly returns of each sectors are
given. Except Financials (F), all other sectors are left skewed and their values are so
close to zero. The skewness of the price  changes of financial equities is 0.268973
and  greater than zero.  The  kurtosises of  all  sectors  are  greater  than  3.  They  are
Table 4 – Descriptive Statistics of Weekly Returns on Sector Indexes
F NF NFX R
Mean  0.011039  0.010795  0.010544  0.013598
 Median  0.004833  0.004496  0.004769  0.004976
 Maximum  0.421163  0.327956  0.312675  0.418710
 Minimum -0.381582 -0.289561 -0.292828 -0.486415
 Std. Dev.  0.082049  0.074951  0.073721  0.110458
 Skewness  0.268973 -0.013680 -0.029109 -0.008682
 Kurtosis  6.416411  4.736222  4.649018  5.291639
Jarque-Bera  348.3715**  87.81814**  79.29720**  114.2290**
 Probability  0.000000  0.000000  0.000000  0.000000
Observations 699 699 699 522
‘*’   : Normality is rejected at 5% significance level.
‘**’ : Normality is rejected at 1% significance level.
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leptokurtic distributions. Based on the Jarque-Bera test, the normality is rejected at
α=0.01 level. Therefore weekly returns of all sectors are not normally distributed.
The descriptive statistics of monthly returns of sectors are given in Table 5.
The monthly returns of all sectors are right skewed and their kurtosises are all greater
than 3. They are leptokurtic distributions. The Jarque-Bera statistics reject the
normality at the significance level of α=0.05 for all sectors. But at the significance
level of α=0.01, the normality is rejected for all sectors other than  resources equities
(R).
Table 5 – Descriptive Statistics of Monthly Returns on Sector Indexes
F NF NFX R
Mean  0.048056  0.045664  0.044570  0.059380
 Median  0.034976  0.024057  0.031214  0.054408
 Maximum  1.264372  0.516054  0.532560  0.868668
 Minimum -0.558735 -0.556708 -0.568759 -0.700022
 Std. Dev.  0.205530  0.170387  0.168830  0.249442
 Skewness  1.252400  0.080478  0.047097  0.198889
 Kurtosis  10.04959  4.271654  4.408014  4.199213
Jarque-Bera  373.1383**  10.95341**  13.27585**  7.981695*
 Probability  0.000000  0.004183  0.001310  0.018484
Observations 160 160 160 120
‘*’   : Normality is rejected at 5% significance level.
‘**’ : Normality is rejected at 1% significance level.
Like weekly and daily series, the monthly returns of all sectors are not
normally distributed. That is the change in frequency makes no difference for the
normality.
The Turkish economy found itself in a very severe financial crisis which are
January 1994, November 2000 and February 2001 between the period 1988 and
2001. After these crisis the domestic debt market dried up; hence a funding crisis
started. The rapidly deepining crisis in the financial markets, showed its impact on
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the real side of the economy. The output in the manufacturing industry is contracted
causing shock jumps in administered public sector prices. Because of this reason, we
can not expect the returns on sector indexes to be normally distributed at any
frequency.
5.2. Tests of Heteroscedasticity
The empirical results of three heteroscedasticity tests which are Breusch-
Pagan test, Harvey’s test and Arch-LM test will be given in this part of the paper.
5.2.1. Breusch-Pagan Test
Breusch-Pagan test checks the disturbance variance vary with a regressor, yt-1.
If the Lagrange Multiplier  (LM) is greater than χ2(1,α) then we reject the null
hypothesis of no heteroscedasticity at the significance level of α. (χ2(1,α=0.05)=3.84
and χ2(1,α=0.01)=6.63 ) The estimates for Breusch-Pagan test are presented in Table 6.
For daily, weekly and monthly return series, while the Financials (F) equities
indicate  heteroscedasticity  at  α=0.01,  the  Non-Financials  (NF)  equities and Non-
Table 6 – Breusch-Pagan Test of Returns on Sector Indexes
Daily
F NF NFX R
LM 18.412** 1.152 0.263 6.714**
Weekly
F NF NFX R
LM 12.22** 0.3085 0.1410 3.317
Monthly
F NF NFX R
LM 11.588** 0.239 0.621 0.117
‘*’   : Homoscedasticity is rejected at 5% significance level.
‘**’ : Homoscedasticity is rejected at 1% significance level.
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Financials Excluding Resources (NFX) equities indicate homoscedasticity. Except
for daily return of Resources (R) equities, for weekly and monthly returns of
Resources the error terms are homoscedastic at α=0.01 level.
5.2.2. Harvey’s Test
Like Breusch-Pagan test, Harvey also tests whether the error terms are
homoscedastic or not, using a different alternative hypothesis. If LM is greater than
3.84, the null hypothesis of no heteroscedasticity is rejected at α=0.05. If LM is
greater than 6.63, the null hypothesis  is rejected at α=0.01. From  Table 7 that we
designed for Harvey’s test, the detailed information about heteroscedasticity of the
equities can be seen. For Financials equities the daily and weekly returns are
heteroscedastic at α=0.01  but the monthly returns are not heteroscedastic. The null
hypothesis of no heteroscedasticity is not rejected for the daily and monthly returns
of Non-Financials (NF) equities at α=0.01. However  homoscedasticity can be
rejected at α=0.05 for the weekly returns of NF equities.
Table 7 – Harvey’s  Test of Returns on Sector Indexes
Daily
F NF NFX R
LM 18.93** 2.26 1.80 25.11**
Weekly
F NF NFX R
LM 7.81** 5.134* 8.267** 0.072
Monthly
F NF NFX R
LM 0.4896 2.118280 0.052 2.168
‘*’   : Homoscedasticity is rejected at 5% significance level.
‘**’ : Homoscedasticity is rejected at 1% significance level.
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The Non-Financials Excluding Resources (NFX) equities are homoscedastic
for the daily and monthly returns but for the weekly returns NFX equities  we can
reject the null hypothesis of homoscedasticity  at α=0.01 significance level. For the
Resources  (R)  equities the weekly and monthly returns are homoscedastic; however
the daily returns for R are not homoscedastic at α=0.01 level.
5.2.3. Arch Test
While testing for ARCH, if LM is greater than 3.84 or 6.63 then the null
hypothesis of no ARCH is rejected at α=0.05 or α=0.01 respectively. Table 8
contains the results of the ARCH-LM test. When the daily and weekly data are
analyzed, the ARCH-LM test rejects the null hypothesis that the error terms are
conditionally homoscedastic at the 1 percent level for all sectors. The results for
monthly return data are different comparing to weekly and daily returns. The ARCH-
LM test is not rejected for monthly returns for all sectors at both 1% and 5% levels.
That is, except monthly returns, for daily and weekly returns, the error terms are
conditionally heteroscedastic at 1% level for all sectors.
Table 8 – ARCH LM Test of Returns on Sector Indexes
Daily
F NF NFX R
LM 85.544** 206.361** 200.212** 114.127**
Weekly
F NF NFX R
LM 60.089** 34.847** 35.966** 27.916**
Monthly
F NF NFX R
LM 0.949548 0.405927 0.029892 0.751961
‘*’   : Homoscedasticity is rejected at 5% significance level.
‘**’ : Homoscedasticity is rejected at 1% significance level.
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Considering the Breusch-Pagan, Harvey’s test and ARCH tests in general,
while the error terms of monthly returns on sector indexes are homoscedastic, that of
daily and weekly are not. This may be cause of the higher volatilities at smaller
frequencies.
5.3. Test For iid Hypothesis - BDS Statistic
The next statistical analysis is the test of independent and identical
distribution (iid)  hypothesis15. For this purpose the BDS statistic is used. If the
absolute value of the BDS statistic is greater then 1.96 or 2.576 then we reject the
null hypothesis of the returns are iid  at the significance level of α=0.05 or α=0.01
respectively. When we examine the Table 9, it can be easily see that the weekly and
monthly  returns  of  all  sectors  are  iid  at  α=0.01.  Moreover  for the daily returns,
Table 9 – IID Test of Returns on Sector Indexes
Daily
F NF NFX R
BDS 27.179** 1.893 1.865 0.446
Weekly
F NF NFX R
BDS -0.031 -0.789 -0.831 0.255
Monthly
F NF NFX R
BDS 1.573 0.098 0.048 -0.223
‘*’   : IID Hypothesis is rejected at 5% significance level.
‘**’ : IID Hypothesis is rejected at 1% significance level.
                                                
15 First heteroscedasticity and nonstationarity are removed from the return series using the E-Views
programme. Then BDS-STATS program, version 8.20, is used to conduct BDS test and search for iid
hypothesis. (http://econpapers.hh.se/software/codccplus/bds.htm is an internet site for BDS test)
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except Financials the other three equities (NF, NFX, R) are iid at α=0.01. That  is
when we looked at whole Table 9, the BDS test fails to reject iid null hypothesis for
all sectors at all frequencies except the daily returns of Financials equities at α=0.01.
5.4. Weak Efficiency Tests
This section of the paper contains the tests for independence and randomness
which also examines  the weak-form efficiency of Istanbul Stock Market.
5.4.1. Autocorrelation Test16
If Ljung-Box  at lag p, i.e; QLB(p), is greater than χ2(p,α) then the
independence hypothesis17 is rejected at the significance level of α and at lag p.
In Table 10, the tests on the independence of returns of sectors are presented.
For daily returns of sectors, all Ljung-Box (QLB) statistics for 6, 11 and 21 (that  is, 1,
2  and 4 weeks periods )  lags reject   the   independence  hypothesis.  This  findings
Table 10 – L-jung Box Q statistics of Returns of Sectors
F NF NFX R
Daily QLB (6) 40.547** 49.542** 55.122** 28.485**
QLB (11) 52.460** 53.244** 59.538** 30.138**
QLB (21) 69.428** 62.371** 66.863** 41.776**
F NF NFX R
Weekly QLB (5) 16.555** 6.6443 6.9726 9.9074
QLB (13) 23.064* 15.789 17.068 22.518*
QLB (25) 35.220 27.861 29.276 37.371
F NF NFX R
Monthly QLB (7) 2.7312 1.4870 1.3576 8.9074
QLB (13) 5.3304 9.4653 8.9765 13.017
‘*’   :The Independence hypothesis is rejected at 5% significance level.
‘**’ : The Independence hypothesis is rejected at 1% significance level.
                                                
16 In Appendix B, the graphs of autocorrelations of all return series are given. The estimated values of
autocorrelations of all return series are presented at Table12, 13 and 14 which are also placed in
Appendix B .
17  up to that p lag, all of the autocorrelations are zero.
31
suggest that the daily returns exhibit first-order dependencies18.
For weekly returns, 5, 13 and 25 lags (that is, 1,3 and 6 months periods ) are
considered. For non-financial equities and non-financials excluding resources
equities QLB statistics for 5, 13 and 25 lags do not reject the independency. For
weekly resources equities index, although  QLB(13)=22.518 is a little bit greater than
χ2(13;0.05)=22.362 , we reject the independency. However  QLB(5) and QLB(25) do
not reject the independence hypothesis. So we can say that for one month and 6
months weekly resources equities exhibit independency. As for weekly Financials for
one month and three months QLB statistics reject the independency but QLB(25)
shows dependency. As a result, except financials equities, the weekly returns exhibit
independency19.
For the monthly returns, 7 and 13 lags  are for six months and one year
respectively. QLB statistics for 7 and 13 lags do not reject the independence
hypothesis. The monthly returns exhibit independency in first-order20. That is one
can not use past monthly returns alone to project future monthly returns.
5.4.2. Test For Randomness: Runs Analysis
The run test is an another approach to detect the statistical independencies
which means randomness. If the absolute value of z-calculated is greater than 2.576
then the null hypothesis that stock returns follow random walk is rejected at the
significance level of  α=0.01.
                                                
18 Also in Table 12, the significant autocorrelation coefficients for all sectors indicates dependency of
daily return series.
19 Also in Table 13, the significant autocorrelation coefficients of  Financials can be easily observed.
20 In Table 14, there are no significant autocorrelation  coefficient for all sectors, so monthly return
series exhibit independency.
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Table 11 exhibits the results of Runs analysis. According to the last column
of Table 11, at all frequencies and for all sectors the random walk hypothesis is
rejected at α=0.01. The daily returns of all sectors are more significant for the
rejection of the null hypothesis compared to that of weekly and that of monthly. That
is by the increase of frequency of the returns, the significancy of the run test of all
sectors increases in the same manner.
Table 11 – Runs Analysis of Returns of Sectors
# of runs expected  number  of runs variance z – calculated
DAILY
F 2291 1822.99 839.94 16.17**
NF 2262 1785.40 856.79 16.30**
NFX 2239 1787.59 856.14 15.45**
R 1764 1335.51 637.79 16.97**
WEEKLY
F 468 351.89 172.90 8.87**
NF 438 351.50 173.995 6.596**
NFX 438 351.50 173.998 6.595**
R 336 262.96 129.67 6.46**
MONTHLY
F 104 81.99 39.24 3.59**
NF 112 81.97 39.21 4.88**
NFX 108 81.92 39.16 4.25**
R 82 61.66 28.91 3.88**
‘*’   :The Independence hypothesis is rejected at 5% significance level.
‘**’ : The Independence hypothesis is rejected at 1% significance level.
Since the randomness is rejected for all sectors and for different frequencies,
the weak form of efficiency can be rejected for ISE stock returns.
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6.CONCLUSION
In this paper the behaviour of ISE market which is a growing emerging
market is analyzed. The daily, weekly and monthly returns of four sectors stock price
indexes between January 4,1988 and June 1, 2001 are examined. The distributional
properties are examined making comparisons of across different sectors and across
different frequencies.
Similar to stock returns in developed economies, Turkish stock returns
exhibit non-normal and leptokurtic distributions. This empirical result is obtained for
all the four sector price indices, which are Financials Stock Price Index, Non-
Financial Stock Price Index, Resources Stock Price Index and Non-Financials
Excluding  Resources Stock Price Index and at  daily, weekly and  monthly
frequencies. We also find that daily and weekly stock returns are left skewed but
monthly stock returns do not exhibit similar pattern. So it can be said that the returns
on sector indexes follows a pattern of variation such that their respective populations
may not be described by a given functional form of normal distribution. These
returns can not be used in the empirical estimations of theoretical models which
requires returns to be normally distributed.
The daily and weekly stock returns have strong ARCH (Auto Regressive
Conditional Heteroscedasticity) of all sectors. This result consistent with Ayadi,
Blenman and Obi (1998). However for the monthly returns  no ARCH pattern is
observed in any of the sectors. Another statistical property we examined is the test of
iid hypothesis. The BDS test  fails to reject the null hypothesis of iid  for ISE filtered
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returns on sector indexes and at all frequencies, one exception is  daily Financial
equities. This is not consistent with the literature .
Furthermore, the paper analyzes autocorrelation and randomness properties of
stock price index changes. Both autocorrelation and randomness indicate whether the
market is weak efficient. The results of both of these tests are mixed. For the market
to be considered as weakly efficient both of the conditions of lack of autocorrelation
and randomness properties should be satisfied. The violation of one conditions
render the market as weakly inefficient. So we can say that weak efficiency condition
in ISE, is not satisfied for all the aggregate sector we have analyzed and for all
frequencies. This result agree with the those Fama (1965), Solnik (1973),  Rosenberg
and Rudd (1982), Lo and Mackinlay (1988), Alparslan (1989) , Unal (1992), Huang
(1995), Balaban (1995) and  Mobarek and Keasey (2000) . So the investors that
make their living by analysing historical returns and using this information to project
future returns may be able to earn positive returns.
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FIGURE A1-Graph of Daily  Price Changes of  Financial Equities
   over the Period 1988-2001
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FIGURE A2-Graph of Daily  Price Changes of  Non-Financial
                       Equities over  the Period  1988-2001
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FIGURE A3-Graph of Daily  Price Changes of  Non-Financial
  Excluding  Resource  Equities   over the  Period
  1988-2001
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FIGURE A4-Graph of Daily  Price Changes of  Resource Equities
   over  the Period 1991-2001
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FIGURE A5-Histograms and Descriptive Statistics of Daily  Price
  Changes of Sectors
0
200
400
600
800
1000
1200
-0.3 -0.2 -0.1 0.0 0.1












Series: F
Sample 1/04/1988 5/31/2001
Observations 3499
Mean  0.002216
Median  0.000000
Maximum  0.173804
Minimum -0.301123
Std. Dev.   0.034083
Skewness  -0.234150
Kurtos is    8.020976
Jarque-Bera  3707.410
Probability  0.000000
0
200
400
600
800
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15









Series: NF
Sample 1/04/1988 5/31/2001
Observations 3499
Mean  0.002159
Median  0.000000
Maximum  0.170957
Minimum -0.186750
Std. Dev.   0.030582
Skewness  -0.028064
Kurtos is    5.904079
Jarque-Bera  1230.019
Probability  0.000000
0
200
400
600
800
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15













Series: NFX
Sample 1/04/1988 5/31/2001
Observations 3499
Mean  0.002109
Median  0.000000
Maximum  0.168729
Minimum -0.188584
Std. Dev.   0.030136
Skewness  -0.068607
Kurtos is    6.126454
Jarque-Bera  1427.817
Probability  0.000000
0
100
200
300
400
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

















Series: R
Sample 5/30/1991 5/31/2001
Observations 2611
Mean  0.002714
Median -4.00E-07
Maximum  0.185237
Minimum -0.180217
Std. Dev.   0.045691
Skewness   0.165837
Kurtos is    3.848666
Jarque-Bera  90.32334
Probability  0.000000
47
FIGURE A6-Graph of Weekly  Price Changes of  Financial Equities
   over the Period 1988-2001
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FIGURE A7-Graph of Weekly  Price Changes of  Non-Financial
   Equities  over   the Period  1988-2001
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FIGURE A8-Graph  of  Weekly   Price Changes of  Non-Financial
  Excluding   Resource  Equities  over  the  Period
  1988-2001
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FIGURE A9-Graph  of  Weekly  Price Changes of  Resource
  Equities   over   the   Period 1991-2001
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FIGURE A10-Histograms and Descriptive Statistics of Weekly
    Price Changes of Sectors
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FIGURE A11-Graph of Monthly  Price Changes of  Financial
    Equities over  the  Period 1988-2001
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FIGURE A12-Graph of Monthly  Price Changes of  Non-Financial
    Equities   over  the Period  1988-2001
-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
89 90 91 92 93 94 95 96 97 98 99 00 01
NF
54
FIGURE A13-Graph of Monthly  Price Changes of  Non-Financial
    Excluding  Resource Equities over the  Period
    1988-2001
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FIGURE A14-Graph of Monthly  Price Changes of  Resource
    Equities over   the   Period 1991-2001
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FIGURE A15-Histograms  and  Descriptive  Statistics  of  Monthly
    Price Changes  of Sectors
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FIGURE B1-Graph of Autocorrelations of Daily  Price Changes of
  Financials
FIGURE B2-Graph of Autocorrelations of Daily  Price Changes of
  Non-Financials
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FIGURE B3-Graph of Autocorrelations of Daily  Price Changes  of
  Non-Financials  Excluding Resources
FIGURE B4-Graph of Autocorrelations of Daily  Price Changes of
  Resources
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Table 12- Estimated Autocorrelations for Daily Equities
F NF NFX R
1  0.086*  0.102*  0.108*  0.067*
 2  0.018  0.037*  0.034*  0.057*
 3 -0.019  0.002 -0.001  0.015
 4  0.051*  0.043*  0.042*  0.046*
 5  0.012 -0.024 -0.032 -0.005
 6  0.030*  0.002  0.010 -0.028
 7  0.027* -0.001  0.006 -0.019
 8  0.023  0.007  0.007  0.016
 9  0.020  0.000  0.000  0.001
 10  0.039*  0.032*  0.034*  0.004
 11  0.014 -0.001 -0.001  0.002
 12  0.028*  0.025  0.022  0.018
 13  0.026*  0.032*  0.028*  0.028*
 14  0.003  0.006  0.010  0.005
 15  0.013 -0.010 -0.005 -0.027
 16  0.024 -0.013 -0.009 -0.023
 17  0.007 -0.018 -0.016 -0.038*
 18 -0.038* -0.014 -0.009 -0.015
 19 -0.022 -0.003 -0.001  0.003
 20  0.013  0.002  0.010 -0.019
 21  0.021  0.011  0.015 -0.003
 22  0.008  0.002  0.004 -0.012
 23 -0.014 -0.011 -0.009 -0.022
 24  0.006  0.000 -0.003  0.018
 25 -0.013  0.016  0.020  0.008
 26 -0.014 -0.012 -0.009 -0.015
 27 -0.002 -0.031 -0.024 -0.070*
 28  0.012  0.000  0.007 -0.017
 29  0.014  0.009  0.005  0.013
 30 -0.020 -0.028 -0.023 -0.021
 31 -0.010 -0.011 -0.013  0.007
 32 -0.015 -0.022 -0.021 -0.013
 33  0.018  0.011  0.014 -0.017
 34  0.004 -0.010 -0.004 -0.045*
 35 -0.015 -0.011 -0.008 -0.018
 36 -0.028 -0.039* -0.039* -0.042*
‘*’: significant autocorrelation coefficients  at 5% level.
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FIGURE B5-Graph of Autocorrelations of Weekly  Price Changes of
  Financials
FIGURE B6-Graph of Autocorrelations of Weekly  Price Changes of
  Non-Financials
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FIGURE B7-Graph of Autocorrelations of Weekly  Price Changes of
  Non-Financials  Excluding Resources
FIGURE B8-Graph of Autocorrelations of Weekly  Price Changes of
  Resources
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Table-13- Estimated Autocorrelations for Weekly Equities
F NF NFX R
1  0.092*  0.052  0.053  0.083
 2  0.115*  0.065  0.072  0.014
 3  0.006 -0.041 -0.031 -0.078*
 4  0.041  0.011  0.028 -0.050
 5 -0.010 -0.026 -0.013 -0.055
 6 -0.032 -0.031 -0.029 -0.037
 7 -0.002 -0.032 -0.021 -0.067
 8 -0.010  0.013  0.026 -0.030
 9  0.042  0.050  0.047  0.069
 10 -0.014 -0.072 -0.067 -0.044
 11 -0.008  0.005 -0.002  0.094*
 12 -0.013  0.016  0.020  0.027
 13  0.076*  0.053  0.071 -0.024
 14  0.011  0.007 -0.016  0.061
 15  0.044  0.005 -0.002  0.026
 16  0.051  0.031  0.028  0.023
 17  0.025  0.015  0.015 -0.029
 18  0.011  0.004  0.004 -0.039
 19 -0.061 -0.062 -0.056 -0.093*
 20  0.046  0.021  0.015  0.004
 21 -0.028  0.025  0.025  0.031
 22 -0.061 -0.056 -0.061 -0.049
 23 -0.023 -0.084* -0.087* -0.085*
 24 -0.023 -0.010 -0.015 -0.025
 25 -0.011 -0.009 -0.006 -0.013
 26  0.052  0.039  0.047 -0.004
 27 -0.017 -0.008 -0.027  0.052
 28 -0.025 -0.023 -0.030 -0.002
 29  0.112*  0.037  0.042  0.026
 30  0.003  0.027  0.028 -0.006
 31 -0.024  0.032  0.029  0.023
 32 -0.024  0.022  0.018  0.033
 33 -0.011  0.030  0.032 -0.027
 34 -0.007  0.002  0.013 -0.019
 35 -0.039 -0.033 -0.037 -0.039
 36  0.003 -0.039 -0.034 -0.029
‘*’: significant autocorrelation coefficients  at 5% level.
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FIGURE B9-Graph of Autocorrelations of Monthly Price Changes
  of  Financials
FIGURE B10-Graph of Autocorrelations of Monthly Price Changes
   of   Non-Financials
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FIGURE B11-Graph of Autocorrelations of Monthly  Price Changes
     of    Non-Financials  Excluding Resources
FIGURE B12-Graph of Autocorrelations of Monthly  Price Changes
   of    Resources
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Table-14- Estimated Autocorrelations for Monthly Equities
F NF NFX R
1  0.017 -0.054 -0.017 -0.203*
 2  0.022  0.046  0.061  0.064
 3  0.016  0.016  0.012  0.073
 4  0.101  0.004 -0.004 -0.077
 5 -0.039 -0.051 -0.057 -0.123
 6 -0.047 -0.005 -0.011  0.002
 7  0.038  0.032  0.025  0.000
 8 -0.048  0.009  0.018 -0.051
 9  0.035  0.009  0.017 -0.034
 10  0.052  0.088  0.080  0.105
 11  0.018 -0.140 -0.133 -0.074
 12  0.050 -0.023 -0.017  0.009
 13 -0.077 -0.133 -0.136 -0.101
 14 -0.142 -0.135 -0.185*  0.073
 15 -0.042 -0.045 -0.038 -0.047
 16 -0.091 -0.071 -0.081 -0.098
 17  0.000  0.075  0.071  0.028
 18 -0.055  0.044  0.042  0.049
 19 -0.106 -0.122 -0.126 -0.032
 20 -0.136 -0.024 -0.038 -0.009
 21 -0.062 -0.064 -0.064  0.010
 22  0.068  0.015  0.000  0.023
 23 -0.115 -0.020 -0.018 -0.141
 24 -0.001  0.070  0.047  0.255*
‘*’: significant autocorrelation coefficients  at 5% level.
